Overproduction of reactive oxygen species is one of the major causes of cell death in ischemic-reperfusion (I/R) injury. In I/R animal models, electron microscopy (EM) has shown mixed apoptotic and necrotic characteristics in the same cardiomyocyte. The present study shows that H 2 O 2 activates both apoptotic and necrotic machineries in the same myocyte and that the ultrastructure seen using EM is very similar to that in I/R animal studies. The apoptotic component is caused by the activation of clotrimazole-sensitive, NAD þ /ADP ribose/poly (ADP-ribose) polymerase (PARP)-dependent transient receptor potential M2 (TRPM2) channels, which induces mitochondrial [Na þ ] m (and [Ca 2 þ ] m ) overload, resulting in mitochondrial membrane disruption, cytochrome c release, and caspase 3-dependent chromatin condensation/fragmentation. The necrotic component is caspase 3-independent and is caused by PARP-induced [ATP] i /NAD þ depletion, resulting in membrane permeabilization. Inhibition of either TRPM2 or PARP activity only partially inhibits cell death, while inhibition of both completely prevents the ultrastructural changes and myocyte death.
Introduction
Overproduction of reactive oxygen species (ROS) is suggested to be responsible for myocyte death in ischemicreperfusion (I/R) animal models and in patients with I/R injury.
1,2 Different types of myocyte death during I/R injury have been demonstrated, including apoptosis [2] [3] [4] and necrosis. 5, 6 The hallmarks of apoptosis are usually an intact membrane, chromatin condensation, and nuclear fragmentation. 7 The key events in the mitochondrial-dependent apoptotic pathway are the opening of the cyclosporin A (CsA)-sensitive permeability transition pore (PTP), resulting in the release of cytochrome c (cytC) and other apoptogenic proteins, and in caspase 3-dependent nuclear condensation/fragmentation. 4, [8] [9] [10] ROSinduced mitochondrial Ca 2 þ ([Ca 2 þ ] m ) overload is one of the major causes of PTP opening and cytC release, resulting in myocyte apoptosis. 4, 11 In contrast, necrosis is commonly characterized by an increase in plasma membrane permeability, release of intracellular proteins, and an absence of nuclear morphological changes. 7, 12 One major hypothesis for I/R-induced necrotic cell death is that ROS-induced DNA damage results in excessive activation of the nuclear repair enzymes, the poly(ADP-ribose) polymerases (PARPs). The activated enzymes accelerate NAD þ cleavage into poly(ADP ribose) (PAR), and the regeneration of NAD þ consumes ATP; so the pools of both NAD þ and ATP are depleted, leading to necrosis by energy depletion. 13 The use of PARP-1 null mice (PARP À/À ) or PARP inhibitors significantly reduces the I/R-induced infarct and peri-infarct (necrosis) area by B20-25%. mechanism involved in this untypical cell death remains unclear.
Mammalian homologs of the Drosophila TRP channel gene encode a family of at least 21 ion channel proteins. The TRP family mainly consists of Ca 2 þ channels and can be divided into three subfamilies: classic (TRPC) channels, vanilloid receptor-like (TRPV) channels, and melastatin-like (TRPM) channels. 20, 21 Transient receptor potential M2 channel (TRPM2) (previously LTRPC2 or TRPC7) is a Na þ -and Ca 2 þ -permeable nonselective cation channel and can be activated by exposing TRPM2-expressing cell lines to H 2 O 2 .
22-24 ADP ribose (ADPR) is suggested as a downstream messenger for TRPM2 opening, since one domain of TRPM2, which is homologous to NUDT9 ADR hydrolase, binds ADPR. 25 However, it has also been suggested that NAD þ directly gates the channel, 22 ,26 since 32 P-labeled b-NAD þ binds strongly to the C-terminus of TRPM2. 22 Here, we show that oxidative stress (20-100 mM H 2 O 2 ) also induces both modes of cell death in a singe cultured rat cardiomyocyte and that the ultrastructure changes are similar to those seen in I/R animal models. The H 2 O 2 -induced apoptotic changes involve TRPM2 opening, which results in mitochondrial [Na þ ] m (and [Ca 2 þ ] m ) overload, followed by mitochondrial membrane disruption, cytC release, and caspase 3-dependent nuclear condensation/fragmentation, while the necrotic changes are caspase 3-independent, but PARPdependent. Interestingly, inhibition of both TRPM2 and PARP activities totally abolishes H 2 O 2 -induced myocyte death.
Results
In the Supplementary Information, we show that functional TRPM2 channels are present in primary ventricular myocytes (Supplementary Figures S1 and S2 ). Since the electrophysiological properties of the H 2 O 2 -induced currents (Supplementary Figure S3 ) were very similar to those of the TRPM2 channel, the Figure S3Ae -g) could result from TRPM2 opening. If this were the case, the endogenous levels of NAD þ and/or ADPR should be raised by exposure to H 2 O 2 . We tested this hypothesis in Figure 1 .
H 2 O 2 increases intracellular levels of NAD þ and ADPR
The fluorescence of reduced pyridine nucleotides (NADH and NADPH) accounts for most of the cellular autofluorescence seen on excitation at 340 nm, as oxidized pyridine nucleotides (NAD þ and NADP þ ) are nonfluorescent. 27 The basal level of NAD(P)H was normalized as F/F 0 ¼ 1 (F 0 ¼ basal fluorescence; Figure 1Ad ). When cells were exposed to 100 mM H 2 O 2 , the NAD(P)H levels started to decrease (i.e. NAD þ levels increased) at 1.970.2 min, and maximum NAD þ levels were seen at 7.370.8 min (Figures 1Ad and D) . When H 2 O 2 was continuously present for 60 min, there was no recovery of NAD(P)H (Figure 1Cb ), indicating that NAD þ is probably depleted at this time-point, since [ATP] i was depleted by exposure to 100 mM H 2 O 2 for 60 min (see below). When rotenone was added in the continued presence of H 2 O 2 , NAD(P)H levels reversed rapidly (Figure 1Ac, d and D) , as rotenone inhibits complex I in the respiratory chain, causing maximal accumulation of NAD(P)H. 27 Addition of rotenone alone had little effect ( Figure 1D ). The OH K inhibitors, phenanthroline ( Figure 1B and D) and DMTU (10 mM, not shown), completely inhibited the oxidation of NAD(P)H caused by H 2 O 2 , indicating that OH K induced an increase in NAD þ levels ( Figure 6 ). Application of a PARP inhibitor, 3-aminobenzamide (3-AB), for B40 min ( Figure 1C ) resulted in a small, but nonsignificant (P40.05; Figure 1C ), reduction in basal levels of NAD(P)H, indicating that little PARP was activated under basal conditions. However, in the presence of H 2 O 2 , 3-AB induced partial recovery of NAD(P)H (Figure 1Cc ), probably as a result of NAD þ accumulation due to PARP inhibition, thus shifting the NAD þ 2NADH equilibrium to the right ( Figure 6 ). Prevention of H 2 O 2 -induced NAD þ depletion by PARP inhibitors has also been demonstrated in other studies. 28, 29 After treatment with DNA-damaging reagents (e.g. H 2 O 2 ), the enzyme poly(ADP-ribose) glycohydrolase (PARG) converts PAR (half-life of less than 1 min) into mono(-ADPR). 13, 30, 31 Since anti-PAR antibody only recognizes the polymer, 32 to prevent PAR degradation into ADPR, the cells were fixed with trichloroacetic acid (see Supplementary Methods). Compared to the untreated control (Figure 1Ea ), a marked increase in nuclear PAR immunoreactivity was seen in myocytes exposed for 5-20 min to 20 or 100 mM Figure 1) 34 the majority being trapped by the negative mitochondrial potential because of the positive charge of the probe. Since the nuclear membrane is no barrier to cytosolic ion movement, 35, 36 averaging the signal over a small nuclear optical section (ER-free and mitochondria-free) or the mitochondria (identified by a mitochondrial marker, MTG, last frame in Figures 2a and c) Figure S1 ) or after clamping the [Na þ ] i at 60 mM using Na-ionophore cocktail (5 mM gramicidin D, 40 mM monensin, and 100 mM strophanthidine) in Ca-free medium, 33 Significant chromatin condensation (arrows in Figure 2fi ) and DNA fragmentation ( Figure 2fii , green for TUNEL ( þ ) staining) were seen after 4.5 h wash-out of H 2 O 2 or of Naionophore cocktail/Ca-free medium (Figure 2g ). Approximately 18% inhibition of condensation was seen in Ca-free medium (Figure 2g ), in which the [Ca 2 þ ] m overload should be totally abolished. Moreover, treatment with RU360, Na-free medium, Z-DEVD.fmk (a specific caspase 3 inhibitor), or phenanthroline (an iron chelator that prevents OH K production; Figure 6 ) markedly inhibited not only H 2 O 2 -induced, but also Na-ionophore-induced, chromatin condensation (Figure 2g) 12,40 After 60 min treatment with 100 mM H 2 O 2 , the cells were immediately incubated with a mixture of CAM (green) and ethidium homodimer (EthD-1) (red), then washed, fixed, and stained with a muscle marker, antibody A12 (blue). In the untreated cells, the live myocytes (blue) stained green for calcein (arrows in Figure 3a ) and contained no red nuclei, while 7875% (n ¼ 6) of the H 2 O 2 -treated cells showed red nuclear labeling (EthD-1, arrows in Figure 3b ) and no calcein staining, confirming that H 2 O 2 also induces necrosis. This raises the question whether the permeabilization of the plasma membrane is due to [Ca 33 The Na-ionoph/Ca-free medium contained 5 mM gramicidin D, 40 mM monensin, and 100 mM strophanthidine in 60 mM NaCl-containing medium. Note that the Ca-free medium has little inhibitory effect on the H 2 O 2 -induced Na þ ] cyt /[Na þ ] m overload (e). (f) Cells were exposed to 100 mM H 2 O 2 for 60 min, then returned to normal medium for 4.5 h; the nucleus shows chromatin condensation (arrows in i, Hoechst staining) and DNA fragmentation (ii) (green or blue for TUNEL or myocyte staining, respectively; see Supplementary Methods). (g) Prevention of [Na þ ] m overload by RU360 inhibits the caspase 3-dependent apoptosis. In Ca-free medium, there is an B18% inhibition of the nuclear condensation. The Na-ionoph/Ca-free medium was exposed for 30 min and wash-out for 4.5 h. H 2 O 2 (100 mM), Z-DEVD.fmk (100 mM, 2 h pretreatment, a caspase 3 inhibitor), phenanthroline (1 mM, 30 min pretreatment), and RU360 (10 mM, 2 h pretreatment) were used. All results are expressed as the mean7S.E.M. for at least four animal preparations (n ¼ 4), each tested in duplicate. In all, 200 cells from 10 randomly selected fields were scored on each coverslip. *Po0.05 compared, respectively, to the H 2 O 2 group or Na-ionoph group as appropriate and caspase 3-dependent nuclear condensation (Figure 2g) Figure 3g) . Importantly, the membrane permeabilization and [ATP] i depletion were not inhibited by a specific caspase 3 inhibitor, Z-DEVD.fmk (Figure 3g ), suggesting that OH K induced PARP activation (Figure 6 ), via a caspase 3-independent necrotic pathway.
We next investigated the molecular mechanisms for the caspase 3-dependent and caspase 3-independent cell death.
Mechanisms for activation of both apoptotic and necrotic machineries in a single myocyte (Figure 4a ). Since a smaller inhibitory effect on nuclear condensation was seen under Ca-free conditions than under Na-free conditions (Figure 2g ), Na-free medium was used when different concentrations of H 2 O 2 (20-500 mM) were applied (brown line in Figure 4b ). We found that, even at a low H 2 A constant concentration of 100 mM H 2 O 2 was then used to explore the temporal relationship between [ATP] i depletion, membrane permeabilization, caspase 3 activation, and nuclear condensation. After 40 min of H 2 O 2 exposure, the [ATP] i was reduced to B20% of control levels (blue, Figure 4c ) and this was followed by a rapid increase in PI staining (red) at 60 min (Figures 3c and 4c ; see video Supplementary Figure S2) , indicating that depletion of [ATP] i may increase the membrane permeability, as suggested by other studies. 12, 13 However, marked caspase 3 activation (green) was already seen at 20 min (Figure 4c) , that is, earlier than [ATP] i depletion and PI influx. Chromatin condensation was not seen until after 2 h of wash-out of H 2 O 2 (arrows, Figure 4ci ), then increased with time. Furthermore, all [ATP] i and PI staining were immediately measured after H 2 O 2 treatment. Na-sensitive nuclear condensation (black versus brown, Hoechst staining) was measured after 4.5 h wash-out of 10-500 mM H 2 O 2 (exposure for 60 min). (c) Time-course of changes in [ATP] i (blue), PI staining (red), caspase 3 activation (green), and Z-DEVD.fmk (brown)-sensitive chromatin condensation after exposure to 100 mM H 2 O 2 . Cells were exposed to 100 mM H 2 O 2 for 60 min, followed by wash-out (red arrow) for 1.5-16 h. The black line in (c) is the myocyte, which is stained positively for both nuclear condensation and PI within one cell. (c) (i) Caspase 3 activation (green), nuclear condensation (arrows), and membrane permeabilization (red) are seen in the same myocyte after 2 h wash-out of H 2 O 2 . (ii) Caspase 3 activation and nuclear condensation, but not membrane permeabilization, are markedly inhibited by 100 mM Z-DEVD.fmk. (iii) After 60 min treatment with H 2 O 2 , followed by 16 h wash-out, myocytes show double labeling (yellow) for TUNEL (green, DNA fragmentation) and PI (red). (iv) Na-free medium markedly inhibits H 2 O 2 -induced DNA fragmentation, but not membrane permeabilization, indicating an antiapoptotic effect at least for 16 h using Na-free medium (see Supplementary Methods for staining) condensed nucleus (Hoechst staining) was also stained by PI (black, Figure 4c ). After 16 h of wash-out, for example, the same nucleus in 80% of myocytes was stained with both TUNEL (DNA fragmentation) and PI (yellow, Figure 4ciii) . Again, Na-free medium largely prevented TUNEL staining (yellow; Figure 4civ ), but not PI staining (red), confirming that the membrane permeabilization seen in Figure 3g was [Na þ ] iindependent. Importantly, caspase 3 activation (green), chromatin condensation (arrows), and PI staining (red) were all seen within the same myocyte (Figure 4ci ), indicating that both modes of cell death were induced by H 2 O 2 in the same cell. Z-DEVD.fmk did not inhibit PI staining (Figure 4cii ), but abolished both caspase 3 activation (Figure 4ci versus cii) and chromatin condensation (brown line in Figure 4c ), indicating that the nuclear condensation, but not the membrane permeabilization, was caspase 3-dependent.
These results show that both TRPM2-induced [Na þ ] m (and [Ca 2 þ ] m ) overload and PARP-dependent [ATP] i depletion are important in the induction of the untypical cell death ( Figure 6 ). We next tested whether the simultaneous inactivation of both the TRPM2 and PARP conferred a better protective effect.
Inhibition of both TRPM2 opening and PARP activation prevents both modes of cell death
Since both NAD þ and ADPR are suggested to be specific messengers for TRPM2 opening, we manipulated endogenous levels of NAD þ and/or ADPR or directly inhibited the TRPM2, then examined (i) whether NAD þ and/or ADPR were involved in the H 2 O 2 -/TRPM2-induced Na þ /Ca 2 þ influx, and (ii) whether simultaneous inhibition of both TRPM2 and PARP activity prevented both modes of cell death.
Phenanthroline or rotenone, which inhibited the increase in levels of both NAD þ and PAR/ADPR ( Figures 1B, E, and 6 ), or clotrimazole, a putative TRPM2 inhibitor (Supplementary Figure S2Ab) , completely inhibited the H 2 O 2 -induced Na þ influx ( Figure 5A and C) and Ca 2 þ influx (not shown), resulting in rapid recovery from [Na þ ] i overload in the absence of an Na-K ATPase inhibitor. However, 3-AB/DPQ, which completely inhibited the increase in PAR/ADPR levels ( Figure 1Ed ) while partially restoring NADH/NAD þ levels (Figure 1Cc) Figure  5Giii ), but almost completely abolished cytC release ( Figure 5D ), caspase 3 activation (green fluorescence in Figure 5Ei ; Figure 5Eii : red for myocyte marker), and nuclear condensation/fragmentation ( Figure 5F and green bar in Figure 5Giii ), indicating that TRPM2 activation is involved in the apoptotic process. Z-DEVD.fmk markedly abolished the nuclear condensation (Figure 2g ) and TUNEL response (green bars in Figure 5Giii ), but not the EthD-1 staining (red bar in Figure 5Giii ), again suggesting that DNA fragmentation/ condensation, but not membrane permeabilization, is caspase 3-dependent. In contrast, inhibition of PARP activity by 3-AB or DPQ completely abolished membrane permeabilization (red bars in Figure 5Giii ), but only had a weak inhibitory effect on condensation/fragmentation (15-20%; Figure 5F and Giii). These results therefore suggest that both TRPM2 opening and PARP activation are involved in the cell death. Simultaneous inhibition of TRPM2 and PARP almost completely abolished both the apoptotic (TUNEL staining) and necrotic features (EthD-1 staining, blue for myocyte marker in Figure 5Gii and Giii).
When examined by EM, myocytes exposed to 100 mM H 2 O 2 for 60 min (Figure 5Hb) showed disruption of membrane integrity (arrows) and mitochondrial hernia and loss of cristae (arrow heads). Little change in chromatin was seen after 60 min exposure to H 2 O 2 (Figure 5Hb , see the red nucleus in Figure 3b ), but chromatin fragmentation was more obvious after 4.5 h (inset, see TUNEL staining in Figure 2fii ). These ultrastructure changes were very similar to those seen in the infarct/peri-infarct zone in I/R animal studies. [16] [17] [18] It has been suggested that PTP opening induces water influx, resulting in disruption of the outer mitochondrial membrane (OMM, i.e. hernia), followed by cytC release. 4, 10 The present study showed that the use of Na-free medium largely prevented H 2 O 2 -induced mitochondrial hernia formation and loss of cristae (arrow heads, Figure 5Hc ), but did not protect the plasma membrane (arrows), suggesting that the (Figures 2a, 5A and C) was important in OMM disruption and clotrimazolesensitive cytC release ( Figure 5D ). Cotreatment with 3-AB (PARP inhibition) and clotrimazole (inhibition of both Na þ / Ca 2 þ influx) markedly prevented the mitochondrial swelling, OMM disruption (arrow heads), plasma membrane permeabilization (arrows in Figure 5Hb ), and chromatin fragmentation normally seen after 4.5 h exposure to H 2 O 2 (inset, Figures 2fii  and 5Hb ), again showing that activation of both TRPM2 and PARP was involved in the generation of the mixed features of cell death ( Figure 6 ). However, mitochondrial swelling was not abolished in H 2 O 2 /Na-free medium (Figure 5Hc ), possibly because a [Ca 2 þ ] i overload (B500 nM, B50% inhibition by Na-free medium; Supplementary Figure S3Biii ) was still present.
Discussion
After I/R insult, untypical apoptotic and necrotic ultrastructural features are both seen in the heart and brain. [17] [18] [19] To our knowledge, this is the first report describing the molecular mechanisms involved in the two sets of death features in the same cell.
TRPM2 mRNA has been demonstrated in the heart. 25, 26 We here provide the first evidence that functional TRPM2 channels are present in the myocyte plasmalemma (Supplementary Figures S1 and S2 ). Firstly, a TRPM2 protein was expressed (Supplementary Figure S2D) . Secondly, the electrophysiological properties seen following exposure to the specific TRPM2 messengers, NAD þ and ADPR, were very similar (Supplementary Figures S1 and S2 ) to those seen in TRPM2-expressing cell lines. [22] [23] [24] 41 Moreover, a putative TRPM2 inhibitor, clotrimazole, 42 completely inhibited the ADPR-induced current (Supplementary Figure S2Ab) .
We (Figure 1) . Secondly, the electrophysiological properties of the H 2 O 2 -induced currents (Supplementary Figure S3 ) were very similar to those induced using specific TRPM2 messengers (Supplementary Figures  S1 and S2) . Thirdly, clotrimazole, a putative TRPM2 inhibitor, inhibited both the TRPM2-/ADPR-induced currents (Supplementary Figure S2Ab ) and the H 2 O 2 -induced Na þ /Ca 2 þ influx ( Figure 5C ). Fourthly, a decrease in the levels of both NAD þ and PAR by either phenanthroline ( Figure 1B ) or rotenone ( Figure 6 ) completely inhibited the Na þ /Ca 2 þ influx ( Figure 5A ), while complete inhibition of an increase in PAR/ ADPR levels by 3-AB or DPQ (Figure 1Ed ) had only a partial inhibitory effect on Ca 2 þ /Na þ influx (Figure 3f and 5B). Our results therefore indicate that both NAD þ and ADPR are involved in TRPM2 opening ( Figure 6 ).
As reported by others, 25 we showed that the TRPM2 was opened by mono(ADPR) (Supplementary Figure S2Ab) . Since anti-PAR antibody only recognizes polymer ( Figure 1D) , 32 it is difficult to know whether, following H 2 O 2 exposure, mono(ADPR) levels increase, resulting in TRPM2 opening. When DNA is damaged by H 2 O 2 , the accumulated PAR undergoes rapid turnover, with a half-life of less than 1 min, and is converted into mono(ADPR) by PARG. 13, 30, 31 The partial inhibitory effect of 3-AB/DPQ on the Na þ /Ca 2 þ influx ( Figure 5B ) therefore suggests that mono(ADPR) is probably produced by PARG, resulting in TRPM2 opening. However, other explanations cannot be ruled out. (Figure 2g) Figure S3Af) , and Ca-free treatment did not inhibit either the [Na þ ] i overload (Supplementary Figure  S3Ag) [13] [14] [15] indicating that other mechanisms may be involved (see below). EM analysis shows that the infarct area exhibits both necrotic and apoptotic changes, 17, 18 which are very similar to those seen in the present study (Figure 5Hb ). The present study showed that PARP inhibitors completely inhibited the caspase 3-independent necrotic changes ( Figure 3g ), but had only a small protective effect (B15-20%, Figure 5F and Giii) on the caspase 3-dependent nuclear changes. The coactivation of the caspase-dependent and -independent cell death machineries clearly showed that different mechanisms are involved ( Figure 6 ). One possible explanation is that caspase 3 activation occurs earlier than depletion of [ATP] i (and NAD þ ) and PI influx (Figure 4c ), and the [ATP] i is therefore high enough for apoptosome formation to induce the apoptotic characteristics. 12, 40 Since PARP is normally cleaved/inactivated by activated caspase 3, 13 we may ask why 3-ABsensitive (Figure 3g ), PARP-induced [ATP] i depletion still occurred after 40 min exposure to H 2 O 2 ( Figure 4c ). One possible explanation is that maximum PARP activation (i.e. the peak level of PAR, Figure 1Ed ) was seen as early as after 5-10 min exposure to H 2 O 2 , before caspase 3 activation, which started at 15 min and peaked at 30-40 min (Figure 4c) . Since the resting level of the [ATP] i is B4-7 mM in the heart, 43 it may take time (B40 min exposure, Figure 4c ) for it to be completely depleted by activated PARP. It should be noted that PARP/PAR activity starts to slowly decrease after 30 min exposure (Figure 1Ed) , at the time when caspase 3 activity peaked (B30-40 min exposure, Figure 4c) .
Another important finding is that when TRPM2 and PARP activities were both inhibited by cotreatment with clotrimazole and 3-AB/DPQ, both the ultrastructural and microscopic changes of the two sets of death features were largely prevented ( Figure 5G and Hd), showing a better protective effect (490%) than that seen when only PARP activity is inhibited (20-25%). [13] [14] [15] Further animal studies are needed to elucidate the therapeutic potential of the combination of PARP inhibitors and the widely used antifungal drug, clotrimazole, in providing better protection against I/R-induced injury. 
Materials and Methods

Preparation of neonatal rat ventricular myocytes
All procedures were performed in accordance with the Animal Care Guidelines of the National Taiwan University. In brief, 1-day-old Wistar rats (both sexes) were killed by cervical dislocation, then decapitated, and ventricular myocyte cultures prepared as described previously. 44 Simultaneous measurement of [Na þ ] cyt and [Na þ ] m changes in a single ventricular myocyte using timelapse confocal microscopy The detailed method is described in Supplementary Materials. A Leica SP confocal laser-scanning imaging system equipped with a 63 Â nicotinamide (NA) 1.32 oil immersion objective was used. The following equations 33 were used in Figure 2 
Statistics
In fluorescence measurement, all results are expressed as the mean7S.E.M. for the stated number of animal preparations (n), each tested in duplicate. In immunostaining experiments, 200 cells from 10 randomly selected fields were scored on each coverslip; at least four animal preparations were used (n ¼ 4) and duplicated in each test. Statistical differences were compared using the Mann-Whitney U-test, taking a P-value of o0.05 as significant.
